Background: Workers exposed to extreme heat in the workplace may be at risk of various heat related-illnesses. There are different ways to control heat stress in the workplace. Adaptation to heat is a process by which the body can cope with the heat stress and remove the excess heat. Some criteria affect the adaptability parameter. The present study aimed at determining some important criteria for adaptability to heat.
Background
Exposure to the extreme heat or working in hot workplaces increases the risk of heat stress and can cause occupational illnesses and injuries. Workers exposed to hot indoor or outdoor environments are at risk of heat-related illnesses. Some symptoms such as heat rash, heat cramps, heat exhaustion, heat stroke, loss of consciousness, and chronic kidney diseases may result from exposure to extreme heat (1, 2) . Heat is also known as a risk factor for cardiovascular diseases (3) . High physical activity in hot environments may cause an increase in the core body temperature (above 38°C), reduce physical work capacity, and decrease mental task ability. In addition, increasing the risk of accident and heat-related illnesses is also possible (4, 5) .
During the last century, the global average temperature has increased 0.74°C. Further increase in global average temperature, about 1.8 -4.0°C, would be expected around 2100 (6) . Outdoor workers including farmers, construction workers, miners in surface mines, fishers, foresters, people who work in industries related to tourism, health, and business as well as workers of small and medium workshops with no ventilation system are at great risk of heat stress and climatic changes (7) . and 2006 (9) . In Japan, 13.8 deaths per year were recorded between 1991 and 2001 (10) . Based on the estimation of U.S centers for disease control and prevention, an average of 175 deaths between 1979 and 2003 occurred due to heat, which includes mortalities from hurricanes, lightning, tornadoes, and floods (11) .
It seems that the mortality rates caused by working in hot workplaces can impose large costs on the industries. Estimations indicate that the average cost per a heatrelated illness may be about $ 7500 (12) . In recent years, the safety and health administrations of the federal government and state of California have placed heat-related illnesses at the top of their priorities (13) .
Some ways have been recommended to reduce the mortality rate and minimize the health effects due to the heat stress, which are as follow: avoiding exposure to heat as much as possible; suitable training for workers; and good behavior during exposure to heat, for instance, increasing daily water consumption and seeking medical attention. These preventive ways, as well as considering some measures for adaptation of workers to the heat, can effectively reduce heat stress. Planning control measures for outdoor workers exposed to heat is more difficult than indoor ones. Therefore, heat-related illnesses are more common in these workers. Due to the lack of efficient protection methods, workers are exposed to extreme heat and high humidity in workplaces, and thus they are susceptible to the adverse effects of heat stress and climate changes (14) .
The ability of system to cope with climate changes and adapt to extreme heat to reduce the risks and consequences resulted from these conditions is called adaptive capacity. Adaptation leads to reducing the vulnerability and increasing heat tolerance (15) . Adaptive capacity is defined as "The ability of a system to adjust to climate change, to moderate potential damages, to take advantage of opportunities, or to cope with the consequences" (16) . The ability of workers to work in thermal conditions reflects adaptation through complex behaviors and the development of workplace, clothing, and technology. Body size, individual life history, and nutritional status are the other effective factors for adaptation. Workers productivity may reduce without adaptation to the work conditions. Physiologically, humans adapt to heat by increasing the efficacy of physiological heat loss mechanisms and increasing their cardiovascular capacity. Reducing the heat strain and improving the physical performance are results of adaptation. A relationship between physiological and psychological aspects of work in the heat affects the maximal adaptability. Therefore, considering different criteria affecting adaptability to heat is highly important for estimating adaptive capacity (16, 17) .
Due to the fact that there are no guidelines and instructions to determine the criteria for adaptability in the workplace, the present study aimed at calculating this important parameter in work environments. At first, some criteria were considered by Delphi model and then the weights of effective criteria were determined using the fuzzy analytic hierarchy process (FAHP). Eventually, a structural equation was proposed for the adaptability parameter.
Methods
This qualitative and practical study was designed and performed in 10 steps. Since there were no common criteria for adaptability parameter, the Delphi technique was applied. The first paper on Delphi technique was published more than 50 years ago. The development of this technique by Dalkey and Helmer at the Rand Corporation goes back to the 1950s. Delphi, as an effective and highly flexible technique, is used to achieve consensus or forecast future events. It is a proper method to collect the opinions of experts, who cannot easily meet each other due to geographical distance. Using Delphi as a research method is useful when there is no integrated knowledge about a specific issue or problem. This technique has been defined as a mean for consensus-building using a series of questionnaires to achieve the viewpoints of experts about the selected topic. In this method, the data obtained in each step are used in the next one, and this process will continue to achieve the consensus of experts. For this purpose, the questionnaires were sent to obtain the experts' opinions in at least 2 or 3 rounds. In fact, the consensus in Delphi means the participants agreement on the viewpoints to establish a new common view (18) .
Briefly, the characteristics of Delphi technique are as follow:
-The panel of experts -Repeated responding to questionnaires and controlled feedback of the results obtained from previous rounds -The statistical analysis of the responses -The anonymity of participants The ability to collect and use the opinions of experts from wide geographical distances, the freedom of individuals to express their opinions, the experts' participation in their preferred time, and cost-effectiveness are some advantages of Delphi technique (19) .
Given the mentioned advantages of Delphi method as well as the lack of common criteria for the adaptability parameter in the workplaces, the present study aimed at determining the effective criteria for adaptability using the experts' viewpoints and then weighing these criteria. In the first step, an implementing and monitoring team was formed and the aims of the study were reviewed again. The experts participating in the study as the Delphi panel members included professors of occupational health departments in universities of medical sciences and executive experts of the environmental health department of the ministry of health. In total, 30 individuals participated in this study. According to the literature, if the background of the participants in Delphi process is homogeneous, a sample consisting of 10 to 15 individuals will be enough to obtain significant results. Because absence of some respondents during the study was likely, 30 individuals were selected to ensure the validity of obtained results.
At first, an open question with understandable concept was designed as a pilot survey and sent to 10 experts to obtain their responses and perceptions. Given the results of the pilot study, the questionnaire was sent to the 30 mentioned individuals. Then, following the analysis of responses of the first round, the common criteria were extracted and scored. Also, other criteria with lower scores were surveyed. During several meetings with the experts, some criteria were merged due to having the same concepts and overlapping, moreover, non-measurable and unrelated criteria were deleted. At the end of the meetings, criteria with the maximum scores were extracted and used to prioritize and perform pair-wise comparisons in the next round. Then, a checklist was sent to 30 experts to obtain pair-wise comparisons between criteria and determine their weights using the FAHP.
Fuzzy Analytic Hierarchy Process
The analytic hierarchy process, one of the most comprehensive systems, is defined as a technique for making decisions according to different criteria. It can hierarchically formulate the problem considering the qualitative and quantitative criteria. Since the AHP is compatible to human thinking processes and its structure is based on mathematical algorithm, it can be used as an efficient technique to solve many problems with decision-making. In addition, there is no need for complex mathematics when using AHP, as it is an easily perceptual technique and can control both qualitative and quantitative data. The analytic hierarchy process uses the multi-criteria framework for decision-making and assesses the problem based on experts' viewpoints. The allocation of single crisp value to experts' viewpoints is a potential drawback of AHP. Therefore, fuzzy AHP, as an alternative approach for traditional AHP, applies a range of values to overcome the uncertainty of experts' opinions. These values as fuzzy triangular numbers are used to determine the weights of criteria (20) .
The Fuzzy AHP is described in the following steps:
Developing a Fuzzy Comparison Matrix and Determining Linguistic Variables
At first, 9 basic linguistic terms were considered with respect to a fuzzy 9 level scale. These terms were as follow: "Equal", "Weak advantage," "Not Bad," "Preferable," "Good," "Fairly good," "Very good," "Absolute" and "Perfect". The membership function defined by Gumus was applied as triangular fuzzy numbers (TFN) from 1 to 9 (Table 1) (21) . A triple of real numbers (l, m, and u) are applied for characterizing a TFN, wher, parameters of m, l, and u show the maximal grade of the membership function µ (x), the lower, and the upper bounds, respectively. They limit the field of the possible evaluation.
(1)
Then, the pair-wise comparison matrix for the main criteria and subcriteria was performed using the TFN. This fuzzy comparison matrix can be seen in Figure 1 .
Definition of the Fuzzy Geometric Mean: Equation (3) was used to compute the fuzzy geometric mean (20) . (2) ri = (ãi1 ⊗ãi1 ⊗ . . . ⊗ãin) 1 n Health Scope. 2018; 7(1):e63162. In this equation,ã in gives a value of fuzzy comparison matrix from criteria i to n. Results obtained from the fuzzy geometric mean will later be called the local fuzzy number.
Calculation of the Fuzzy Weight of Each Dimension: In this step, Equation 4 was used to calculate the global fuzzy number for each evaluation dimension.
Definition of the Best Nonfuzzy Performance (BNP): To find the value of BNP from the fuzzy weight of each dimension, the fuzzy number was converted to crisp weight value using the centre of area (COA) method and Equation 5 (22) .
Calculation of Consistency Ratio of the Matrix
The consistency of pair-wise comparison matrices is considered for decision-making in AHP. The consistency of judgments is described by consistency ratio (CR). It is calculated by Equation 6 , where CI and RI are the consistency index and the consistency of a random matrix, respectively. These parameters are extracted from related tables.
The pair-wise comparisons and judgments are acceptable, when the CR is less than 0.1. The CR higher than 0.1 indicates inconsistent judgment (23) .
The weighing of the criteria was only used in the present study. Experts used Table 1 to conduct the pairwise comparisons. To extract the related data, the completed questionnaires and pair-wise comparisons matrices as well as the determined priority by each person were used. Then, preliminary data process was done by Excel software. Eventually, the arithmetic average of obtained responds and the coefficient of each pair comparison were determined using the MATLAB software for the 30 experts who participated in the study.
Results
The present study aimed at determining the effective criteria and their weights for adaptability to heat using Delphi and fuzzy analytic hierarchy process (FAHP). Tables  2 and 3 demonstrate the criteria obtained from the Delphi model and the final criteria, respectively. As observed in Table 3, the maximum percentage of agreements (100%) was allocated to administrative controls. Other criteria such as providing shade and special places for rest, having access to healthy drinking water, providing necessary electrolytes for the body, and local cooling systems were merged as engineering controls. Criteria of suitable diet, subsistence condition, and existing facilities for taking a shower after work were excluded due to very low percentage of the responses. The inconsistency rate of 0.065 in this study was lower than 0.1, indicating an acceptable and proper level. According to the purpose of this study, the weights of 13 selected criteria were determined by the analytic hierarchy process. The results of the paired comparisons have are presented in Table 2 .
The Adaptive Capacity computed based on mentioned criteria is expressed by the following 
Training programs 12

Job satisfaction 13
Providing shaded areas 14
Social security insurance 15
Membership in trade unions 16
Facilities for taking a shower after work 17
Having a second job 18
Regular exercise program 19
Providing safety and health guidelines 20
Administrative Controls 1
Engineering controls 2
Accessing to healthy drinking water 3
Providing the body electrolytes 4 special places for rest 5
Personal protective plans 6
Suitable working clothes 7
Local cooling systems 8
Proper diet 9
Existence of HSE unit 10 According to the equation (7), the adaptability level is defined between 0 to 1.
Discussion
Heat-related illnesses and death are widely preventable. Heat stress management and control can increase productivity and comfort and reduce the cost related to health problems. Work-related injuries occurred due to the concurrent hazards in the workplace, so rarely an injury has a single cause. Taking effective preventive measures for workers' adaptation to heat may lead to reduction in heat stress. However, controlling heat stress in outdoors is more difficult than that of indoors. Immediate and short-term control measures are considered against the heat for minimizing effects of heat stress. In addition, some measures for workers' adaptation to heat are taken into account as long-term procedures (14, 24) .
In this study, 13 criteria were extracted based on the percentage of experts' responses (Table 3) . Then, FAHP was used for pair-wise comparisons of 13 criteria considering their importance. According to Table 3 , the maximum percentages of responses were allocated to administrative and engineering controls. As presented in Table 4 , the highest relative weight (0.156) was obtained for engineering controls, indicating the importance of this criterion in hot environments with respect to experts' viewpoints. The most important method of controlling the heat in the workplace is engineering controls including the increase of air flow (fan), general ventilation and air conditioning, and reduction of radiation heat using proper shields. Despite the fact that there is no exposure to direct solar radiation, indoor workers may be exposed to heat and humidity resulted from work processes. When there is no cooling system or sufficient ventilation, such indoor workplaces can become very hot during hot days (25, 26) .
Epidemiological studies have indicated that air conditioning leads to decreasing risk of heat-related illnesses up to 80%. Also, 30% reduction of the mentioned risk is expected with applying a fan in hot workplaces (27) .
A ventilation system is necessary to reduce the temperature of work environment according to the following methods:
Heat sources such as heat generation machines should be isolated in the workplace. If it is not possible to keep workers away from heat sources, insulators can be used to minimize the thermal radiation.
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In case of poor ventilation, using appropriate methods is recommended to move the hot air out of the indoor environment (28, 29) .
About 70% of the experts selected the criterion of providing shaded area and special resting places, and the relative weight allocated to this criterion was 0.116. The use of temporary covers such as umbrellas or sun shades at workplace is recommended to prevent direct exposure to sunlight or heat radiation source. The type of sun shade and its direction should be specified in health and safety programs. The sunshade should be well-ventilated and include chairs and appropriate drinking water. The portable sunshades can be used in outdoor environments (26, 30) .
Other criterion in this study was accessing healthy drinking water and providing electrolytes with response percentage of 60% and the relative weight of 0.109. Suitable and adequate facilities for cool water close to the workers should be considered in the workplace. Healthy and cool water should be provided for all workers in large workplaces such as construction sites. Caffeinated drinks such as tea and coffee should be avoided to prevent sleep related problems during the work shift. Body may lose too much fluid via sweating due to working in hot environments. Not replacing the lost water leads to serious heatrelated consequences (31, 32) .
A survey in 2005 showed that 72% of people with heatrelated problems did not drink water despite having access to it (33) . Another study (2007) was conducted on workers of surface mines located in Pilbara in Western Australia; and the results obtained from urine samples revealed that 70% of 710 workers were subjected to water scarcity and that 16% of workers needed clinical services (34) . Similar conditions were reported for construction workers in Iran (35) and United Arab Emirates (34) . Education is important in helping workers maintain their hydration state. Some organizations such as NIOSH recommend drinking small amounts of water several times (a maximum of 1 cup (250 mL) every 15 to 20 minutes) (36).
Another criterion for adaptability is administrative control plans with 100% response and relative weight of 0.099. Administrative control is a useful procedure to reduce heat-related illnesses and deaths in the workplace. Duration of work can be adjusted to reduce exposure to heat. Heavy work activities in outdoors and maintenance operations may be scheduled for cooler hours of the day or cooler seasons of the year. Physical work demands should be reduced as much as possible with mechanizing the work. Providing an appropriate work-rest cycle and limited work schedules with rest periods and working in cooler places are considered to reduce the exposure to heat (37, 38).
Acclimatization is an important administrative control step in hot environments (39) . This is a low-cost physiological procedure used to ensure the health and safety of workers and to mitigate the heat strain. For workers who are not acclimatized to working in hot conditions, enough time should be provided for adaptation to heat. For example, lowering the pace and the intensity of work and considering a work-rest schedule for unacclimatized workers are recommended. In addition, heat tolerance tests are 6 Health Scope. 2018; 7(1):e63162.
used to screen workers who are susceptible to heat. It is suggested to attend to potential risk factors such as taking certain medications and special medical conditions, which may adversely affect thermoregulatory center in the body. Excessive alcohol consumption, lack of physical fitness, improper body mass index, and high blood pressure can affect the prevention of heat strain (40) . The next criterion extracted by experts was suitable working clothes. The response percentage of 46.6% and the relative weight of 0.090 was obtained for it. Clothing affects the heat transfer mechanisms between human and environment via convection, radiation, and evaporation. Therefore, using appropriate clothing in hot environments leads to reducing heat-related disorders and increasing the worker efficiency. Clothing, as an insulator, affects heat transfer processes. Thin, light-colored, and relatively loose-fitting clothing can help the heat loss in hot environments (41) . A practical method to control heat strain in hot environments is cooling clothes (cooling vests), produced in late 1950s. Using air permeable clothes increases their ventilation rates. Air-conditioned clothes or clothes with light-weight fans can be used in hot environments. Passive cooling systems use phase-change materials (PCMs) in the vests and clothes to provide extra cooling. The PCMs are substances with latent heat storage that absorb or release heat during phase change (for example, changing from solid to liquid). Providing greater mobility and saving energy are the advantages of personal cooling clothes with PCMs compared to stationary personalized or building cooling (17) .
The response percentage of 36.6% and relative weight of 0.08 were allocated to the criterion of training programs related to the risk of heat stress. Proper training for workers and managers should be provided before the start of the hot months of the year. Training should include the following elements:
Understanding the risks of working in hot environments
The effects of heat stress and related safety measures Identifying risk factors, signs, and symptoms of heat stroke Assessing the heat stress Training how to use proper devices to monitor the hot weather and the heat stress Relevant legal requirements First aid and emergency procedures in case of the heat stroke Appropriate first aid equipment should be provided in the work environment. When heat-related injuries occur, the person should immediately be taken out of the heat to rest in a cool and air-conditioned place. If symptoms continue, the person should be transferred to the hospital (26, 32, 42) .
Accessing personal protective equipment (PPEs) was another selected criterion with response percentage of 46.6% and relative weight of 0.073. Personal protective equipment is a highly effective and economical means to reduce the heat stress, adapt to hot conditions, and increase the duration of work in hot environments, which is essential for outdoor workers. These workers are encouraged to use naturally-ventilated helmet to enhance perspiration. Also, to provide shade to the face, neck, and back, the use of safety helmets with broad brim is recommended. Vests with cooling flows improve the working conditions. In 2013, the labor administration and occupational health and safety administration (OSHA) implemented a pilot scheme for using cooling vests to reduce the risk of heat stroke during the summer. The type, size, and color of clothing can affect the heat transfer between the human body and the environment (29) .
Having a second job can be an effective criterion for adaptability; its response percentage was 53.3% with a relative weight of .028. The second job causes the decrease of worker's physical fitness, resulting in the reduction of the adaptability. In the other word, adaptation to heat for anyone requires a minimum of repeated exposure to heat, and the second job interferes with this requirement. A study conducted by Tirgar et al. showed that more than 40% of farmers had a second job. However, considering the conditions of the agricultural industry, this result was not unique to this study and is expected in other countries (42) .
In 2013, Vietnam's development and health committee evaluated the adaptation capacity of outdoor workers (construction workers, farmers, and porters) to extreme heat. In this study, countermeasures against heat included instant and short-term responses, and the adaptation measures consisted of long-term ones. Administrative controls including the following criteria were considered in mentioned measures.
Providing suitable protective clothing Providing appropriate PPEs such as masks, gloves, creams, and glasses Providing sufficient water Appropriate short breaks Taking a long lunch break and avoid working in the midday heat
Changing the working hours Most of respondents reported that enough water as well as protective clothing or personal protective equipment had been provided for them by employers. Less than half of respondents reported that they could not have a short break during shifts or during lunch time to protect themselves from the heat. Regular short breaks in shaded areas are commonly advised to outdoor workers Health Scope. 2018; 7(1):e63162. 7 who work in extreme heat. Furthermore, it is suggested that cool drinking water, personal protective equipment (sunglasses, hats, and masks), and bright color clothes be provided to workers (43) . Miller et al. (2007) studied workers exposed to the extreme heat stress. Finally, they offered some recommendations for outdoor workers such as consuming enough water, providing cooling water and electrolytes close to the workers, and not nonuse of the caffeinated drinks before and during the work shift (33) .
Several studies expressed some adaptive responses to heat stress including acclimatization in a hot environment, providing shade, health education, and increase in use of air conditioners, modifying behavior patterns, emergency response programs, and warning systems. In addition, some protective guidelines have been published in developed and developing countries to protect workers exposed to heat (43, 44) .
Managing heat stress in the workplace requires the cooperation of all members and it is not the responsibility of workers. Heat stress and heat-related problems in the workplace have not been considered as a priority for decision-makers. In addition, there are no effective policies and heat stress awareness guidelines related to heat exposure in developing countries.
Conclusions
Exposure to extreme heat in the workplace can cause various types of heat related-illnesses. The combination of various control methods are required to protect the workers from heat stress. Considering some measures for worker adaptation to heat may lead to reduction in the heat stress. Adaptation results in reducing the vulnerability and increasing the heat tolerance. There are some important criteria for adaptability to heat in the workplace. Using these criteria, the present study has proposed a model for estimation of the workers' adaptability to heat stress. After extraction of the most important criteria by Delphi model and determining their weights by FAHP, a model was introduced to estimate the adaptability to heat. Administrative controls, engineering controls, and providing shaded area and special places for rest were considered as effective criteria for adaptability. In conclusion, employers should develop a heat stress policy to reduce the potential for heat-related illnesses. Considering some points is recommended in this policy. In fact, a combination of following ways is suggested for adaptation to heat: training to recognize symptoms of the heat stress; providing enough water close to the workplace; providing lightcolored loose fitting clothing for workers; providing wellventilated and shaded places for rest break; and planning a scheduled work programs to minimize heat exposure. The development and implementation of the mentioned policy require the cooperation of all members including employers, health and safety committee, supervisors, and employees.
